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[0001] :^mm i3 -(yty>n^^'r^^^y'Mh^(D2iir. (2 ' m <D^miz.7^^m^mA 
[0002] 7i^%mn.i^ti. fi-^:^/iym^^-r^:f3^'rMv<om.{.z'm(omM\z.iii.mm: 

[0003] *i§ig«*fc. trmy^=/vy7=/V't°Dy>-^(GGPP)-:y;/i5^-if^=«— K-r-s 

[0004] :!{;n7^/^K (carotenoid, :^xi^M¥b^^\^iri^) . ^^^dS40<D^y7'V>'# 

^7^y^K;6S^^$tbTV^§(B^itton, G., Liaaen-Jensen, S., and Pfander, H., 
Carotenoids Handbook, Birkhauser Verlag, Basel, 2004) „ ^j£"Cf:j::^07^y-j'KCDi^ 

mi^flX\^^{fzt^\t^ M»ftM. Food Style 21. 4, 

53-55, 2000; Nishino, H. et al, Carotenoids in cancer chemoprevention. Cancer 
Metastasis Rev. 21, 257-264, 2002; Mayne, S.T., i3 -Carotene, carotenoids, and 
disease prevention in humans. FASEB J., 10, 690-701, 1996#H8)o 
[0005] 1^uy^MY\'i:4^mfimmb'^hfi:^\^\>f}^t^i^h-r. ^^ir^Km(0^^mk(Xh 

tch(DXh^it„ ^ivh(D:i>nTMhl^. /3-:*D7^:x(/3 -carotene. ^-iJU^l^k^ 
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a -^u'rX, a -carotene, a -■f}^f-l^bh'!^\tfl^:^<—J>^^t''hi^^) . /^y"^l^i 
lutein:-ry— /VK:«i^e)tttii) x T:^^^-f-:y=^:^iastaxaiithm::t^T^, 

^mmmHi^hilkm) . & -^V^h^-^^'^^ ( & -cryptoxanthin : ?a^'M^;</^^J;«?tt W) 

y'Mh'(D 4'-e. V='^XDyf-7!immX^itt\ ^^f^mm^^inX\, ^5 (Giovannucci. 
E., Ascherio, A., Rimm, E. B., Stampfer, M. J., Colditz, G. A., Willet, W. C., 
Intake of carotenids and retinol in relation to risk of prostate cancer. J. National 
Cancer Institute 87, 1767-1776, 1995; Vogt, T.M. et al, Serum lycopene, other 
serum carotenoids, and risk of prostate cancer in US Blacks and Whites. Am. J. 
Epidemiol. 155. 1023-1032, 2002#flg)o $ -^Vyh^-^-^^^^O^m^f^ 
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^^^i!)^M\^:itt^m^7m:i^flO^$>^{Y\im, J.M., Stram, D.O., Arakawa, K.. 
Lee, H.P. and Yu M.C., Dieteiry cryptoxanthin and reduced risk of lung ceincer: the 
Singapore Chinese Heahh Study. Cancer Epidemiol. Biomarkers Prev. 12, 890-898, 
2003; Mannisto, S. et al. Dietary carotenoids and risk of lung cancer in a pooled 
analysis of seven cohort studies. Cancer Epidemiol. Biomarkers Prev. 13, 40-48, 

V'So tct:^1i'£^ BS<?5'S145W (IIIS^143^(age-related macular degeneration)-^ Sf'g 

T^l^t'ifT^^>'f->-<D^t\f^0l^^-dm^^tlX\^^^(Semha, R.D. and DagneUe, 
C, Are lutein and zeeixanthin conditionally essential nutrients for eye health? 

Med. Hypotheses 61, 465-472, 2003; Mazalfarieh, M., Sacu, S. and Wedrich, A., 

The role of the carotenoids, lutein and zeaxanthin, in protecting against age-related 
macular degeneration: A review based on controversial evidence. Nutr. J., 2, 20, 

2003#M)o 

[0006] si±<Df^mi^. 7oommsi±.h^:ti^'ry^h'(D^x. m^KW}mmi^%:m\f^fcu 

mt^^^x^^:bvlTMh^<Dmmii^±'§^.(Dii<D^zmhi^lx\i ^-s ^t>^tx$>^t 
[0007] ±w.(Dmm^m^ir^ftMmtifj:^mti.x. ^viT/^h^^^^mm^f-^m^ 

>^^^<$^.j.w-^^iJX (Candida utilis) iC^ :fyviy^MV±^^mB^m^mA-^^ 
^-ar-C. V=i^>^7.8 mg/g(M*)'^fife$-B:-50lC^!fe5bUfc(Shimada, H., Kondo, 
K., Eraser, P. D., Miura, Y., Saito, T., and Misawa, N., Increased carotenoid 
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production by the foood yeast Candida utilis through metabolic engineering of the 
isoprenoid pathway. Appl. Environ. Microbiol., 64, 2676-2680, 1998) o w<D5ftfe^ 

XtC|»[S#^L-CV >5i:V ^5^#L*^>^C^*o^t^^7i/od^^^>'^>' (parasiloxanthin) ^ 
mM^±mn-^±m:^^Ty^}^mmtl.X^m.Vtz(Takaic\a, S.. Sandmann, G., 
Schnurr, G., Satomi, Y., Suzuki, A., and Misawa, N. The carotenoid 7,8-dihydro-'?' 
end group can be cyclized by the lycopene cyclases from the bacterium Erwinia 
uredovora and the higher plant Capsicum annuum . Eur. J. Biochem., 241, 291-296, 

1996) o *fc, ^i^x^^m^n^fimf)^otc"$¥y^mm''(D:ijoy'Mh^x$>^TP^^ 

j3 -i^i//V=«>'K (astaxanthin- j3 -diglucoside) ^^^^■pL±.WiMX'^^^ 
■1i'fciV'>5^^tifc^(Yokoyama, A., Shizun, Y.,and Misawa, N., Production of new 
carotenoids, astaxanthin glucosides, by Escherichia coli transformants carrying 
carotenoid biosynthetic genes. Tetrahed. Lett., 39, 3709-3712, 1998) » 
[0008] #a<^;*a7^y-rK^0ffiaifex.1gt:^«feof^«flcftt>J!£<fiJffl$H-C$fc;i&>3-7^y-i' 

K^-^fifejte^=-{* . =^;V^^:^T(SnM£>Mm'm [n^/V-J^^-T • ^UY-^y (Erwinia 
uredovora') ^ ; ^iSi, 7|s:^^ (i^^^^hoiT • T'i-i-'f-::^ (Pantoea ananatis) iq^f^tbT 

SHI. jaix. ialZ. sjlIA <^6jte^=-T'fct). ^fy.hco^ikU'J'ifi^^—Y-r^^-^l^mm ( 

CrtE. CrtB. Crtl, CrtY. CrtZ, CrtX)(Z)^tM(4|IlltJ:;^$H-CV^5(#4#fF:fi:igtl^ 

7^ (Paracoccus) MM^ fParacoccus so. MBIC 01143 (Acrobacterium aurantiacum) 
m *5(50i2EtiV Jtfe^-5Si£M|-Cfc5 (lai)o ^^'y^-y-^^mmmii^hXt. £E£S. crtL 
crtY. crtZ . crtW (DbW^l'i)^^M^^X\^^ (##fF:ft:iftl#flS)o crtB. crtl, crtY 
, crtZjHS^=-o^ti[* i^iM^-e#ii-t?fc^o ^)Vf7>{=TmMmWz)ii.^<'y-=^v^:^ 
My^^t^crtE. crtB, crtl. crtYjt'e^^^lrJ^A-^^$-Brfc;k:M^(* jS -^ny-^^^^ 
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[0009] |ii±xe-<-C#fc fc, g ^#{ctgt*U>6^#^EU^j:v ^"i^t";&o7^/-i'K^#^S >5S 

crtM (^bKp;^^Tix>^-»^^— . SHE (gcs, ahS) (y^— /v^/^— /vf^y^^^- 
crtB (dsv. &\-2){-7^h^l^iy>"^—^). crtN (7^bKP^^TV^"7^-i^^ 

£d£ (Edsi)(:7w'h3i>^x-r^^9— ■^:2o(D-SM'a'#;!)P) s crtQ (sds) 

. crtX (cHL- /3 ) (y^-O' 13 ^) . £ilL- £ (y £ -y^=7—^) , 

aT^^/tKndr v-^— if ; j3 -CS-tKn^^S-iX^— ^1 . crtW (bJil) ( jS -iJXiy'^y^hy—^ 
: i3 -C4-;^^v''>*■:^— €) . crtO (Svnechocvstis sp. PCC6803ft^(^tj<^) ( i3 
7':/^y'5^h7— ^) . crtX (-^T^ap-th^-^ v^/vrjiy/v^^v>^73i^— , crtC(fcK 
adrW-<n;^jKw>'>:/^— ^) . crtD (;^h^i/y-f'n;^:!Kl^>'7'iJ-^a9— ^) ^ crtF( 

■^)> zefii(-€r^i^-v^>3i7Kds^i/r— ^) , ^t;5, ccs(;^:/i^^^W;*^y/^t^:/ 

i^i^^^ — lf)"CfeS(Lee, P.C. and Schmidt-Dannert, C, Metabolic engineering 
towEirds biotechnological production of carotenoids in microorganisms. Appl. 
Microbiol. Biotechnol. 60, 1-11, 2002; Teramoto, M., Takfdchi, S., Inomata, Y., 
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Ikenaga, H. and Misawa, N. Structural and functional analysis of a lycopene 3 
-monocyclase gene isolated from a unique marine bacterium that produces myxol. 
FEBS Lett. 545. 120-126, 2003#fl?0„ 0'm^J:^T^y'M'F^±mWm(Dm^<li^i^± 

it^^f* , jS -^^y V^-3-fcKc^->7— ^ ( /3 -C3-hydroxylase) (CrtZ) 1 3 -1'^ 

7>'S-4->5rh9— ^ ( /3 -C4-ketolase; )3 -C4-oxygenase) (CrtW) $r=i— K-f §it^ 
^^b;54#^i^rv^7^^V\ m?><75^^it'S^=-{*^ £ljZ35^1990^(C, crtW ;5Sl995<^t^ 

y^h^lJ-:/^^^ (nostoxanthin) ^<D. /3 -^;i-y>'^lC*3{t-52'(a<7)^^/5S7K^'fk^ 

t<^+i l^tt (^^oi;?— ; homology) ^fljffl bfci^n—^i/j/^{Cj;i9#e>tL-5*n7^y 
[0010] ;^^i7!fc^d>fco;?^Ji5:«;n7^y-rK{4:i&C7^>'t, ^ih.iC7km^^'^hmti:if(Dm 
■rv>5o fet^Ji. 3-;&n7^^<^3<&(^^5{l(^*^S;asio^A$tufc;&nv^y>rK{* 
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Yuan, J.M., Stram, D.O., Arakawa, K., Lee, H.P. and Yu M.C., Cancer Epidemiol. 
Biomarkers Prev. 12, 890-898, 2003^t;?Mannisto, S. et al, Cancer Epidemiol. 
Biomarkers Prev. 13, 40-48, 2004) » ^(DXoti^^^^it 0-:^ti'r^^-Clt.mi^htlXyi^ 

©4 (4' ) {iL(Dm:ff<D^^u:^mi)^2^tii^hmic^m^irit^T^7'Mhl-iT:^^'^'^ 
e>t;i2o^A^^xfc;«/t3v"/-rKfiyxh:Srih^^:/-cfc5o —WLm^. /;^h=¥iJ->^:/ 

-V^T'^^WK^^tDCrtZCMisawa, N., Nakagawa, M., Kobayashi, K., Yamano, S., 
Izawa, Y., Nakamura, K., and Harashima, K., 1. Bacteriol. 172, 6704-6712, 1990) 
. 49%.e;TOlR|— 14 (identity) ^^•t^-^(r>\m.^^X\zMhfvX\ ^fi.\ ^(Di)^Wik 

-rl/3:.l/:^ ( Paracoccus zeaxanthinifaciens : IH^ f3: Flavobacterium sp. R1534) ft5l5<^ 
CrtZ(Pasamontes, L., Hug, D., Tessier, M., Hohmann, H. P., Schierle, J., and van 
Loon, A. P., Gene 185, 35-41, 1997)-eS>«3> 50%cO[^— t^-Cfeol/to 
[0011] #i^f^:i:ifel :Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., 

Saito, T., Ohtani, T., and Miki, W., Structure and fiinctional analysis of a marine 
bacterial carotenoid biosynthesis gene cluster and astaxanthin biosynthetic pathway 
proposed at the gene level. J. Bacteriol., 177, 6575-6584, 1995) 
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##f'F:Stjlfc2:Yokoyama, A., Miki, W., Izumida, H., and Shizuri, Y., New 
trihydroxy-keto-carotenoids isolated from an astaxanthin-producing marine 
bacterium. Biosci. Biotech. Bioche., 60, 200-203, 1996) 

[0012] :^mm<owmti. ^-^:ty:yn<D2m::^mi\:'r^mmi$-^^r^n-2-\ivvie^ 
[0013] >^^m(DMmYi^fc. m^<Dh<otnm ) ^os^sv ^, $ -^:tr^m 

[0014] mWmmzfV^'^^^'f^'^-r:^m (RrevundiTnonas sp.) SD-212*fe ( 

MBIC 03018) 2-fcKo^->Ty^:?^^^>'f^:/■^2-tK^dpi/TK::^^•!^^^^>'l?(0, 
/3 — f:t/:^S(J:*3tt§2^£;i)S7k^>ft;$tbfc;«;n7^/-f KSrf^S:it;5S-e#;5- 1 tc« S 

[0015] *•r^ :/W<>'v'>f^■^;^JRSD-212tf|5©SSfe^|s:DNAS:fflV^r. ±il||{C*5{tS=i 
;^5K9-r^9y-^{^MLfCo :*tiv^/>rK^^^-r^^/l-l>'f^T (Envinia) M^^r 
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fc;!jP;tT. mrcf^:^^v'MVy!)^^^l.X\^fj:^^-^^t^oA^(D^m^n^fCo ^Oi^;^, 
[0016] ?5c{j:. 7>rh:3i:^7'f-f^^7— ^ i&BW^^v'MVm±mm!^X2<:>(Di^ 

. 1.1 kbODNA^>t-;dSjti|.i$;n'fCo ^(Dmm(D^mmm^ik-^\^tit^^.cjii<DU 
^mmxh^^tti^t>y!)^'otzo :L(Di^u^mmm)T-^-:/ti—yt^x. sd-212^<^ 

3;^^K7-r^7y — frffl V ^fc=Jn=— yN>r:^y:J^'r-^— v^ai^ (colony hybridization) 

ftiJSib. iMf^^^^-fyy^W-^—v'a:^ (Southern hybridization) jSfeSrfrV Wf^(D12 
kb(^E£2RI<^DNA»f>H-^#fCo roi2 kb<Dg£fiRl6&f>i-OiSSiB^J^^;ebyti:w6. 

r<D»f>i- {J:;<7n7^/xCK^-g>j^ate^^p [|iE#(Dcrtjte^^ (6^) X 
{iidijt^^^(lo) ;55$>;50RF(::r— :7":/y— 7^W^i^:7U— open 

reading frame) ;$57o];dS#?t-r-5^<b;5S5g^^.^;^^ofCo ^tc. ^<D12 kbOEcoRIilrM- 

-pUC18{C*3{tSk£it^^<^^l3^— ^(^flJ^i^LacZOy-yiBJIJSrflJ^Ufciif!'^ 
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U'7--Ch^^t7!)it>i!)^ito \.f)^Lf£i>^hm<^^:itK, :Li^hfD:tiuTMh'^^m 

/vy^'/vt-Dy (GGPP) ':x^i?-if K-r^jte^^T-feS^i^^mufco 

-eUT^bt-. *^OORF<D5*)<^lo (ORFll) j3 -^:^yi^^-2-fcKT3drv'^— ^ 

[0017] n£i±<DXofj:^^^miz.^^fhtc-h<Dx*h^o 

[0018] gp-^. :^mmit. :BJLT<^(1)- (17)^li#t^5tj<©-efe5o 
[0019] (l)JMT<^(a). (b). (c).Xfi(d)}^^i--<7°^K: 

(b) iB^j#^4iE«(DT^y^SB^j(^*5v ^XlhL<^tmWcm<DT^/mi^tM. 

(c) gS?iJ#-§-4|E«oT5y^gE^J t50%iy.±<D m—' i4^#-t-5T$y^iB^jd^5>/j: 

[0020] (2) SXr<D (a) . (b) . (c) . Xii (d) fC^i-^^5=-K^=i-Ki-5ite^^ : 
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[0021] (3) (2) lc|a«<^ite^Sr^AUT#^>ttSt»:^i^-Cfco-C, 0 -^:ty^^m<D2iiL(D 

[0022] (4) (2) icmm<Dmm^^. m<Dyt}tiTMv±^m.mB^tthi^mAvxnhM 

[0023] (5) m<D:iJtiy^MV^^^i!k^^i)^ . :77'/v;^i^/nf ay :/^d^e> jS -^:tyz^m^^ 

[0024] (6) Wi^m^:kmmx:h^^t^^Wit'r^ o) 75s (5) iz.mm(ow^(iii!io 
[0025] (7) (3) (6) izmm<Dm±^^. mmxmmi.xmmmxnmm^h $ -c:t^ 

[0026] (8) jS -'i':^/^^<^2^<D^^dS;!K^<t:$*vfc;«/n7^y-rK;6s^ i3 . /3 -:fjnT>'-2-:t 
— /V(2-fcKndpi/-/3-;^7t37^:/), jS , i3-*n7":/-2,2'-t?:d-— /V(2,2'-i^tKi3^-> 
-/3-;^7n-7">') , *CIdE^i^^'5^X2-t:K^dE^i/■^T^1^^^^V) , y;^^^i^:^^^^(2,2' 

i/;?7>i5'^i^:/5^>'), 2.2'-v?tKn^ix-/3 , j3-;&n7":/-4,4'-:^^^^(2,2'-v?l:Kn 
, 2-t:Knari/T>^^^iJ-:/^:/, 2.3,2',3'-7"h^tKn^->-j3 
, j3 -;&n7^^-4,4'-:^;^-^(2,2'-v?l:Knd{-^XT^^=3{-i^;/f^^) -CfeS^ii^^^ti- 
^ (7) fCiE«<D*^<k$ti.fc;&n7^/^K(DSSlit&o 
[0027] (9) rm<Dit^m^ (D -e;^$tLSl|lf ^'ft:-^«^2,2 ' -i^l^h'ti^i^- 3 , ;8 
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-4,4* (2,2 * -i^tK^dp^/';i&^^i5'^i^:/^» » 

[0028] Mbl] 




(I) 



[0029] (10)2.2'-v^tKndE^i^-3 . iS-;!&i37'>'-4.4'-i^;*-:^(2,2'-i^tKndre/:!&:/i5rd^^ 
^ V) Xf*2-fcKi3^^/- i? , /3 -;*;n7":^-4,4' -i^^:/ (2-fcKu^->;&:/iJr:^ih v^v) 

[0030] (ll)i^LTO(e). (f).X«(g){-^i--<:7°^K^=i— Ki-5it^^: 

(f) iE^J#-^30fB«(?5T5y^ia?iJ}c*5V ^TltJb<{i1S^^®(DT57^^5#;!JP. ^ 

/5-^;r/>'S|-3-tKn:arv'7— ^SfttSr^-rS^yf^Ko 
[0031] (12) (11) {i:|E«fe03t^^^^AbT#fetLS#^i^-C*)oT. j3 --T^^-y ^^(^3^ 

[0032] (13) (11) iz.mm<Dm^^=^^ m(D^oy^Mh^^^^m^^tthi^mAi.xnh 

[0033] (14) ft&<^;«;o7^/^F^-^fifeit^^ds> :7r/v^i//n^ciy>'^;5^b /3 — r^^j-y^^^^S: 
^mWLh-r^ ( 1 3) 

[0034] {i5m^mi)^i<.mMx-ih^z.b^i^Wit-r^{i2)7bmi4.) \z.mm<r>w^m. 

[0035] (16) (12)75M(15) (^ifiifeOl^^fci^^. ^^-eit^LTitai^Xft^^Ji^b jS-f 
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[0036] (i7)^To(h), (i).x{*a){-^-r-^:^^K^=^— K-r^ite^^: 

(i) BE?(j#-^32ia«fe(7)T^ y^ga^j{c*5v ^xlt>L< nmwcm<DT^/mmM. x 

[0037] i^;iT. 2^^0^^PjNa{^i5iigi-5o 

[0038] 1. it'e^^M<D^S#JNHM:/W^^^T^^^-^;^JSSD-212t5fe(MBIC 03018) 

Brevunditnonas sp.)SD-212 t*(SD212;MBIC 03018) i/caJ3?'JftO^»7fCtt'i«5^ 

m^tifza-^xiTyi-^<'^^TVT-x^:^^o GC-^Sf*67.1(mol)%-C$>5„ 
f^5:!&n7"y>rK{i. 2-fcKD^i/T;^^^1^:/^:/(2-hyd^oxyastaxanthin) ■^2-tKo 
dri^TK=^1^^^5^:/ (2-hydroxyadonixanthin) ^02{4 (2 ' {4) tb 
^c;i; D7"y-rK-efc5^i:;5n^) oi^— ^^F^Bif (7:)^liJ e> {- J:0#'^^ 

tV-CV^5(##rFJCife2#M)o MBIC 03018tb-C(tt)?S#^W:^ 

■Ti^/ni;'— W%BlfJ;04:^§g-^^$*LrV^So *^C, ;*i:JNB0(D16S rDNAiB?IJ ^gvrB 
at^^Sa^JfS^iX^nx T^'-fe5/S/3>'#-S-AB016849, AB014993i:L-T 
GenBank/DDBJ{C^®:$iXTV 
[0039] 2. ^»#jNB0:/W^:/y*^^■:h>^JRSD-212 *!fe{J:*5{tS:*D7^y-rK4'^f^S8S<D*t 

mmmmyu^<:y^^^'r::^m ( Brevundimonas sp.)SD-212 t5^(MBIC 03018) 

m^tiX\^^^(4¥^WXm2^m)o ttiibl-i. 2,3,2',3'-7^h9i:Fo^'>-j5. jS-;^;^ 
7=->-4,4'-i^;^i^(2,3,2',3'-tetrahydroxy-j3 , j3-carotene-4,4'-dione)^ 2,3,2',3'- 
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v^h7fcKD^i^-i3 , 3-*0'r>'-4-::*->'(2,3,2*,3'-tetrahydroxy-j3,/3 
-caroten-4-one) s 2-tKo^v'T:^^=^1^Vf^>'(2-hydroxyastaxanthin;2,3, 3' 
-trihydroxy- i3 , jS -carotene-4,4'-dione) , 2-t;Kci^v'TF^^i^>'^>'( 
2-hydroxyadonixanthin;2,3, 3 ' -trihydroxy- i3 , i3 -caroten-4-one) , a^y;';cidE^i^>' 
-f-V (erythroxanthin; 3,2 ' ,3 ' -trihydroxy- i3 , $ -caroten-4-one) "t?*>^ (El2#flg) o 
iE.1t. SD-212 tfri^flcirLT. T>^^5'=¥1^>'^:^^TK^^i^>'^V(4->^^■^ 

-r^mmt^mm ( is -r:^y>'^-2-fcKndE^v'9— e ; cnvtrnm.) <D^^%:m^-r:s> 

[0040] 3. &-4^/:^m-2-\^vvi^iy^-'^'k=^—h''r^m^^(^mm<Dm--(om.'^^) 
[0041] (a) myfm^4mm<Dr^ymmm>hfj:^^^^h\ 

(c)SH?!J#^4iE«cOT$y^gE?iJt50%j^_h(Di^— ti^^-t-^T^y^Ba^iJd^^^ij; 

[0042] iat. JJXTO (a) . (b) . (c) . Xfi (d) iz:m-r^zf^h*^=i-h*-t^m. 

[0043] (a) iB^J##4iEife<DT5>'^BE^Jj&^e>>5rS-S:7'^h\ 
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[0044] (a) o^T'^^hl*. :^v/^;xx'f^"^^JlSD-2i2^^^e>#??tbfc j3 — r;a-/::^^-2-t 
Ka^iX7— ^fif14Sr*-t-S257^©T$y^BE^J;i^bJi6-<:/^K (CrtVirljIig^^) T- 

[0045] (^(D^T'^KW:, (a)<Z)'<7"^K{C. j5-r:^-yi^m-2-fcKndfv'7— ^ei4S:^i:> 
. gP^#M6tJ^Mfl^& (Nucleic Acids Res. 10, 6487-6500, 1982)/^if^^if 

30T?y^^i^-efe9. 0*u<}*2OT?y^wi^-efc?). j€ie:0*u<{*ioT5y^iU 

[0046] (c)<^'<7'5^K«, (a) <^^7'^Ki:^^^raiJ:*5V>r50%jy-±<D|^— 14 (identity 
=T-!5'WKjK70 /3 — r:^y:x^-3-tFDdei^7— (CrtZ)€r3— K-r^ite^^-j&s^o 

zeaxanthinifaciens: t^Flavobacterium sp. R1534) ft 5l5<DCrtZiO50%(D 1^1—14 

7^^-3-bKndp>>7-if?£i4<^^i-^161iEScDT57^iE^J;5^e>^<e5-<::^^K(CrtZ 
DDBJ^GenBanlt^<7)7=— iJ'^— ;'<.^;^5^b-Ctj, 50%J^>t.±<^[^— t^^^-T-S 
tjOf45fe<. ftt)iav^t)(??-et>, :x./]^f7^=zT • tf rErwinia herbicola : arWht, 
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^<l^h=^T • T^rJ;t=^>>^ (Pantoea agglomerans) t^tItlX\/ >5] S Jl^COCrtZ ( 
JJBJ/GenBank accession no. M87280) t(D46%0|^— ft-Cfct). Ud^t>M#(^^^(D 

iy^-- ^(Crtv) t j3 — r;^y:/m-3-fcKDdeiy7— if (CrtZ) \±m^r.i:<Uf''&%(0 

Erthrobacter l MaB^PC6;fefe (MBIC 02Z5l)l<D^yJ^m^^fro^tiZX'0^-o:d>^X 

[0047] (d)(D^:?'^M*. DNAI^d:(^/N-r:^yi5^-r-^— iX3:/5r^ij^-r'5ri:{ci<9#b*i/5 

ii^. rixSSC. 0.1%SDS. 37^jM-efe«9. 0*u<«ro.5xssc. o.i%sds 
. 42X^mStxh'o. Hic^*b<(*ro.2xssc, o.i%sds. 65X:mMxh^o ^^4^ 

[0048] *|gigcojt^^f*, 0!l;tfir. £JlT<Z)J;5{cb-C#^Ci:dS-e#;5„ ^-f. mmmm^f 

[0049] ;4=^PJ<Dj*^^^-X?fc§ /3 --Y:^7^^-2-tKndri/9w-if (crtV) it^^^^-g" 

tf::^w^>''7"^^-^;?!;MSD-212^<^;(;n7^y^K^'^^Jt^^=-p^-^tf 12 kb Eco Rl 
DNAm)i^^±mM^t^^—pBluescnpt II KS-{CjfA$;fT/^:/^;^$Kp5Bre2-15?r 
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[0050] 4. &-^:ty^^m-3-^h^n^->'9—^^=i—Vir:5it'^^(^^m(Dm~<D'MU^) 
t^fi. SIT<D (e) . (f) . Xfi (g) fc^i--<:?^^K€:='-K-r^jte^t)^* 

[0051] (e) m^mmo^m(DT^ymmmib^^ti:^^zf^h\ 

[0052] (e) 0^7°'^K^*^ ■:fU^^:yy'^^'i-:^mSD-2l2i^i)^^^(t>tlfL iS -^:t/>'m-3-^h' 

So 

[0053] (f)(^-i:7'^K}i. (e)(^)-<:/^K{c, /3— r^^-yi^^-a-tKodeix^— €?£i4«r^fc> 

[0054] (g)<^-<y^K«. DNAl^drO/N-r^^yy-f-^— ^/3>'^flJffli-5:it(Cj;l9#b*LS 
[0055] 5. y7^/vy/W^/Vfcf"ay>|^':/>iS'— -^^3— Ki-Sit^^(;*:|ilig(^^Hoit^ 

[0056] (h) mmmm2mm<7)T^/mmm>h^i:^^y'^h\ 
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[0057] (h)<D^:/f^Kf4. >^w^>'7'^^:^;^JlSD-212t^c^^?>#e>^^:/t'i^7=/^y7=/^e 

[0058] (i)(D^z/'^]fn. (h)(7)'<y^K{c. ^7=/^^7=/^t^oy:/^^g^4Sr^^t?■*Jfcv^ 

[0059] (j)(D^z^^hit. DNAm±(D^^^^vy^-^—iy3^^^mmir^^ti'ix'om<bti^m 

[0060] 6. p^:ty>m(D2m2'm'^^i-i3iiL{rm<D^mK7kmmi:mxx^^m^!iiio 

[0061] *^ig{C[4*fc, 4{C|a«(Z) jS --i':^/V^-3-fcKodp^>9— if Jte^^^#AbT# 

[0062] *|g|go5te^ff {t-C>i< . m<D:ijuTMV^^^mU'^i,mxi- 

[0063] m^t-t^'^^m-i^. i^mm^m^x%^m. z.fi^i^(D^^mx^ox-h^\ \ 
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^^^-r^mmm^^ms^. 2^^^(DGGPP;a^e>:7.<h^^(phytoene) ^^)i^-r^m. 

ijny-^yi, /3 -carotene) ^-^^lici-^it^^^fillYCji^. ^i/V^^^^'cnTJl^^S^tD^j 

[0065] :i*vP>o3te^i*<^i--<-cxtt-lfPS:ji^'fcliia-<i5'i5'-{-^AU. ism^-^fc 
f^SJ^^f-JfeS (S!»OFPP«i-'<-CO^»^J^;5Sf^Sri:;d5-C#§„ GGPPfclS^i^(c 

[0066] ±mm^mmm<Dm^ <DW^m<D-<^^-<Dmn'^^MmB^(DmA-m^& 

i-i. ^<<Dmf^^\^mM^HX^^^<DX- (rctx.it. Sambrook, J., Russel.D. W., 
Molecular Cloning A Laboratory Manual, 3"* Edition, CSHL Press, 2001) ^ -itlioi^ 

[0067] 7.2mrm *:fe:{43^ (3 ' m {^7i<immT()mAttiit:iJviTMh'<Dmmm 

[0068] i3 -4^y>■m<D2iiL(D^mt^ykm^t^i^hfc:fytlTMVtL-X^•i. /3 , 0 -^uT>-2- 
/V(2-tKt3driy-/3-;(;nx:/), j3 . j3 -;^;i37"^^-2,2'-i^;a-— /V(2.2'-v'tKnds- 

2,2 ' -i^tKn^i/-^T^iJ->'5^i^) , 2-fcKndri^- ^ , jS -:i{;i37"i^-4,4' (2-tK 
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K^^v';^7:/^?^i^>'^» , 2-fcKn!ar->T>^i5'^'9->'^V, 2.3,2' ,3'-rh7fcKndpi/ 
- jS . jS -;5707^:^-4.4 ' -i:^;^-^' (2.2 ' -J\i.Yvi^^yTy^^^-^>^i^) fi^^m^'^:^^ 
i>K ^nh\^mM^fl^MX^\^f^^\ ±M(O^X\ 2-tKDdr->- j3 . jS -;?7C27^^-4,4 
' -i^::^:/ (2-fcK^^^/;^;:/iS'^i^:/^>') ^tJ«2,2 ' -i^fcKndri^- /3 , jS -;&D7"^^^ 
->'^^^(2,2'-i^l:KDde>>;&>'i5'^i?-:^^» JigW<^jg^'fklC*j-bT 

[0069] ^-y(:ty^^^<Dm(omMt'^:^mt^f\^1tJjviJ^M\'t\.X\t. /3-^y:/h^f->' 
■€T=3p^^>'^^^. :^7a^i^:/^>'(2-tKl3dri/•€T=¥1^Vf^V), y>^.^^1^>'^ 
>(2,2'-':^tKo^iy-^T^i^^f^>'). 2-tKDdr->Tx?.i?dri^:x^:/, 2.3.2', S'-T'h 
^tKndrV- 3 . iS -;?7a7^^-4.4•-■;^:^-^(2,2'-■•^tKP=¥i^T;:^^?=¥1^>'^:^) Jfeif^ 

[0070] s.mkim 

2-\iVn^iy- /3 , B -;i&n-r:^-4.4'-i^^>'iSlO'2.2'-i^fcKn^V- j8 , jS --fjny-^y 
(ornWi^. 7K:^ttfig^i:iaMi4Jig^i:€r^&{cj;«3jS'^a'fki-*L}^ iv^ ^z.xm 

0.05— 5%t-r?)Oy5W*UV\ 

[0072] ;*:|gPj(D^^^l^^J«, ^(D^^'t4^^>fbffi]^Jtg;^ }^J;«9^i;i:ftia. \m.Su. mi 
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[0073] :$imM<Dm.mimm. Mmm&i^^m-^mm-i-^m^'ch-t^^m^^m(bti^ 
[0074] ^mmm<7^^mm(Dmmm^i^s &.r(Dmm^miro 

BB^J#-8-2 : EcoRI'CpCos5-2d^e>-^«9 tB^tl.fcl2 kbcO^>j-Oga^Jo 

gE^J#-^4 : ORFl K-t-'5T$/M^Jo 
iS3?!l#-^5 : ORF10Diii|iSffl(D:^^-r^— (:7^U—'F) 

gB^J#-S-l 1 : citIOli(iS^<D>^7^'v'— (:7;i-!7— K) 

ia^J#-^15 : 0RF6(Dmmm<O^y^-^— (•7:tU—V) 
gB^J#-^16 : ORF6<D^m^<DZ^'7^'^— (]}^<—::^) 
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ia^J#-^26 : ORFl l<Dlii|igffi (DZfy^-^— {3^^—:^) 
BB^J#-^27:ORF12<DlSitBffl<7):/9-l'-^— (^;j-r7— K) 

K^J#-^29 : _hmEcoElf^>i- lJi-Er*ti5ialZ ( /3 i/^-S-tKn^i/^— ^it 

o 

[0076] m \'m^<o-f}xi^^^Y^^^M.^^ mm) (ommt^^^m^^m-rmo 

[|2l3]£iii^^>T-^:7°n— :/i:b-Cffi V ^fci^i^V^^-r:/y^'1'if — v-H V (E£2Rl?^^b) 
mSr^-ria [M:1^^X-^— ( A /hUni ill- 4> X174/HaeIII digest) . 5-1— 10-1 : = 
;;^$K^D— SCS:=3;^$K^:J'i5'— SuperCosl. SD212:SD-212^fef!|EDNA]o 
[ia4]ia±ie^>t Sr:?°n-:/il^X^ V ^fci^if >'^>-r ^^yy-T-^-i/a^' (BamHi;S^tJ?Bam 
HI/EcoRI^^'fl::) (Dij^;^Sr^i-|llo CM : i^-fX-^— ( A, /Hind III- 0 X174/HaeIII 
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digest). 5-2— 9-1: =3^?K^n—:y, SD212:SD-212^^#:DNA. SCS:=i:^^}f^^^ 
— SuperCosl (DBMnHI/EcoRI ^i-fb^] 

[|ll6]pACCARl6 A crtX ( /3 -:fjuT:^±mmy^:^^hl ^A^^J^M^^iibTfiJffi 
VtcHPLC-PDA^^mm%:mirmo a)pACCAR16 A crtX^A:^lli»0]g^fe^O 
HPLCiJ'ci-:5'hiJ^7^(470 mn)„ b) pUCBre-Oll^tJ^pACCARie AcrtX^A^MH 
(Dm^^m(DHPLC^vi-^V^9M4:70 nin)„ mM^'&m<D\f—^ii^m'V^^tlX 
V^^o c) h)K-\iT^^:y^l^^mMVftHPhCi^vi-^hi^9M470 nm)o 
[|g|7]pACCAR25 A crtX ('^T^i^^^>';£;^ffi:7°7X^K) b^A^J^^^^^^LT 
flJfflLfcHPLC-PDA^Wi^:^Sr^i-|llo a) pACCAR25 A crtX^A;k:^0CDM^fe 
^<Z)HPLC:J't3'7hi/9^(470 nni)o b) pUCBre-011^tJ^pACCAR25 AcrtX^A;'C 
mM(Dm^'&m<DHPLCi^n-^hi!f^M4:70 nm)„ frM'^^^^Of— iJ^{±^B3-^^$ 
ixXV>5o c) b)l;i-^T^1?->'^i^Sr^*Pb^HPLCj5'n-^hj/9i:^(470 nm)o U 2«-€: 

[igslpAC-Cantha >^9;^5K) ^A:'cM0Sr^g^i:L-apJffl 

LfcHPLC-PDA5>#f^;i:^^i-|ao a) pAC-Cantha^A;'Cj^0C)M^'fe^O 
HPLC^'n-^hi5^9A(470 nm)o b) pUCBre-OllJ^t5pAC-Cantha#A::*cM0OM^ 
-fe^OHPLCi^o-7hi>'^A(470 nm)o ^^^iCfe^cDtf— ^^«^gI-e^$i^■CV^;5„ c) 
b)(CT^i?^i?->9^>^^iPbfcHPLC^G-^h>/9A(470 nm)o 3. 4{i^ix^jL. 2,2 
'-:^fcKndr':x-iS . iS -:i&t2-7":/-4,4'-i^;i-^, RXJ^ 2-tKi3deix- /8 , /3 -:^;nx^-4.4 

[|ll9]pAC-Asta (Tx^.iS'dM?-^^^:^^^^ ^7X5K) ^A:k:J^«%^&^^:bT^iJffi L 

fcHPLC-PDA:9-*)fi^^^^'f-|ao a) pAC-Asta^A:'cJ^«<D^^fe^OHPLCi5'n 
•^hi/^A(470 nm)o b) pUCBre-01lSU^pAC-Asta^A;'<:M®OM^fe^<^ 
HPLCi^n-?hi/9A(470 nm)fT«7fcfe^cot°— i^}4^R]-C*$tb-CV>§o 2tt2,3.2' 
.3'-7"h^l:Kndei/- /3 , 0 -:^ny^>-4-:t>tm^^fhtZo c) b)tCT;=«.i5'ds^i^:/f^^tr 
^;tlPLfcHPLCi7D-^h^7A(470 nm)o 5m-^h^^'^i^T::^^^'^y^:^tm^^tl 
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[0077] Sir. mmmiM^mmic^^^xMci^m^^m-r^o ^>ott. *isMJ4rtb(c 

mmm 

[0078] mm.-:r'7^^h\±'^^i^ 

Luria-Bertani)i$tt*:feJ4. 2XYT^^(Sambrook et al., 1989)^fflV^■r^foyto i^i^ 
HOTCT, T>'fc°i^y:^(ampicillin;Ap , 100^ g/ml)*:fe«, ^n7A:73ir^=i— /V( 
chloramphenicol; Cm, 20 /i g/ml)^Sr:^M&i^^;!lPU:fco 
;!&Vi?^1^:^^V^^ffi7"9;^$KpAC-Cantha. ^U«T;^^=¥1^i^^>'. TK=^1^ 

vf^v(4->5r^-^T=¥^^:/^:/)^^ffl7'7;^5KpAC-Asta}4i^AT<^J:5^-brf^»ib 

''■^9='S':^7^JSMBIC 01143 (Ata-obacterium aurantiacum) ^OP crtW jft-S^^r^ 
^#dE^^i^7^>f i5^. T'.rl'^ (Candida utilis) (D^^itfe^fDri K:/^ffl 

T^-^^Ufco K$ix€»T5yM^J}45c<z)Crtwti^ct;:u-cfe5o :i(Di¥mmn 

XWaiUivarsi et al., 1998) ^C^$t^-CV^So ^Or^-^^jg^tt^ifiilWiS^'JSr^MfCbT. 
H1437[A3£aIlFI5^(Tilft) . SDE^J (H1437O10-15# @ OlB^J) ^tf ] tH1438[lM 
IIHS^ (TS^) Sr-^tp] T'^'l'-^— Srffl V ^TPCR^^TV ^. #e>*L^PCR^i^^AmItIMl 
-CWWrL-X. 0.76 kb Aval -crtW-Not iarn-^^f::. 

H1437 : 5'-GT£££GAGAAGGAGGCTAGATATGTCCGCTCACGCTTTGC-3' 
H 1438 : 5'-C GGCGGCCGC CCGGGACTAAGCGGTGTCACCCTTGGTTCT-3 ' 

:/7^^KpCAR16(Misawaetal., 1990)$^^lJ:Lr. H1431 fNoti as^T^ (Ti^) , 
SDBB^J (H1431<?316-21# S <DgS^J) Sr^tf ] tHl432 [SalUfP-ia (Tift) Sr^tf] 7°7-r 

^.raV^TPCR^Ir^fV\ ^^>ixfePCRf^i^»NotI^SalIf4iD»fUr. 1.1 kb Notl- 
crtE-SalI»f>i-Sr#feo 
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H1431 :5 -ATGCGGCCGCTTATAAGGACAGCCCGAATG-3' 
H1432 : 5 -CAGTCGACATCCTTAACTGACGGCAGCGAG-3' 

±15(^0.76 kb Aval- crtW - Not MM-j^Ll kb Notl-crtE-Saliaffit^NotllRSfe^^b 
X^^U pACCARie AcrtXSrAvaI/Salir^>fbUT#t>tb/c. crtY. crtl. crtB^lr^^S 

mm^±^(D0J6 kb AvaI- crtW-Not I»r>i'j^l.l kb NQtl-crtE-SallBBrM-^ 
NotiaSfegr^UTiE^^U. pACCAR25 AcrtX^^I/SalI?i<tl-T#?>ttfc> cilX. 
crtL crtB. crtZ^#-rS^»f>i*i:aii^-r5it(;iJ:l9. >^^>^$KpAC-Asta^#fCo 
[0079] [^1] 



mm 

Brevundimonas sp. MBIC03018 
Escherichia coli XLI-Blue MR 
E. coli DH5 a 

pACCAR16AcrtX 
pACCAR25AcrtX 
pAC-Cantha 
pAC-Asta 
SuperCos 1 
pBluescript 11 KS- 
pGEM-T Easy 
pUCtS 
pCo85-*2 



2-7XSl1b*n7^y'<K<7)^SIffla(SD-2t2 «i) 

=3j:^5K^^7^— , SuperCosI 



PCRT1-SD212 

p5Bre2-15 

pUCBre-On 



Cm', crtE. crtB . crtl. crtY_^^*>"^^/^SK 
Cm^ CrtE. CrtB . crU. crtY. crtZ ^'^t^Zf'yX^}^ 
Cm', CrtE . crtB . crtl . crtY. crtW $'g^t:":'7X5K 
Cm'. CrtE , CrtB, crtl. crtY . crtZ . crtW ^dt?:/5;^5K 
Ap^ =IXSK'<^7^- 
Ap', ^C—-t/^^^^— 

Ap^ -^D— 

Ap^ '5'n— ^>yK/7^— 

Ap'. BreNoindimonas sp. MBIC03018 |S|c A^fEO) 47 kb 0> DMA 
PrM-(Sau3AI •Ugl5^M[C?N'(b**tfct<0))5< SuperCos 1 a> 
BamHI fiDi&Utf A$ti/i:^a) 

Ap^ Brevundimonas s p. MBIC0301 8 fls 6^ 3|E crtl3&< PCR Vfti 
iB$^ pGEM-T Easy 

Ap'. pCos5-2 A 31(0!) 12 kb <D Eoo Rl B9r>i'3b< pBluescript n 
KS-r::JiA*+i/=t<0 

Ap^ p5Bre2-15 d&JfcO) 2-*Br<bBJRjl€^A< PCR TittS 

$tt. pucis \zmx^Mz^a> 



Yokoyama et al, 1996 

Stratagene 

TOYOBO 



Misawa et al. 1 995 
Misawa et al, 1 995 

Stratagene 
TOYOBO 
Promega 
TOYOBO 



Ap**, ampicillin jiftt^t Cm^ chloramphenicol fSAtt 



Miura, Y., Kondo, K., Saito, T., Shimada, H., Fraser, P. D., Misawa, Production of 
the carotenoids lycopene, 0 -carotene, and astaxanthin in the food yeast Candida 
utilis. N., Appl. Environ. Microbiol., 64, 1226-1229, 1998 

Misawa, N., Nakagawa, M., Kobayashi, K., Yamano, S., Izawa, Y. Nakamura, K., 
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and Harashima, K., Elucidation of the Erwinia uredovora carotenoid biosynthetic 
pathway by the functional analysis of gene products expressed in Escherichia coli . J. 
Bacterid., 172, 6704-6712, 1990 

Sambrook, J., Fritsch, E. F., and Maniatis T. 1989. Molecular cloning: a laboratory 
manual. 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 
Yokoyama, A., Miki, W., Izumida, H., Shizuri, Y. 1996. New Trihydroxy-keto- 
carotenoids isolated from an astaxanthin-producing marine bacterium. Biosci. 
Biotechnol. Biochem. 60, 200-203, 1996 i0^Wf:SCf^2) 

Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 

T., and Miki, W., Structure and functional analysis of a marine bacterial carotenoid 
biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at the 
gene level. J. Bacteriol. 177, 6575-6585, 1995 

:f9^^h*<Dmm. mmmm^m. ^^^-^^bi^^j^.^ mwBWii}£(omn(Dm.^ 

t&5^©Sambrookt(1989)OMolecular Cloning (t^x^OSTlBt) Kt^^ 

::^W^>^7^^^-f (Brevundimona.s sn.) SD-21 2 ^(SD212;MB1C 03018)^300 
mlOMarine Broth (MB)i#ii&(Difco)-e25t:, 3 0 T^i^^bfCo MW^M'^. STEW. 
mW.{\00 mM NaCl. 10 mM Tris-HCl, 1 mM EDTA, pH 8.0) -CZllHliSfei^L. 68'C-C 
\5i;^fSm^M&\JtM. 5 mg/ml oyy^— A(Sigma)i:100 wg/ml<DRNase A 
(Sigma)^tpl^ft (50 mM 25 mM Tris'HCl, 10 mM EDTA, pH 8.0)(C|g 

mU-tLo ZrC-(^—mm^^^^=^-^—VUtM.. 250 n g/m«C;fe5J;5{CProtenase K 
(Sigma)^;lnix.. 37t:-C10^^^>^:x-<— hU:^ $f5fC*i^^*;6Sl% \Z.i3:^SibK 
N-Lauroylsarcosin-Na^^;tlPb. ^|§J^Sfn{Cj;t9li^;e)^C^^}C^l-^Lfc^37'C-t?3 

(^rc^y-yV^i^o<0i^^;bPU/^;dSf,^;t'faib-C#fc^fefls:DNA^;i{f9J^i^-e#to 
it. 70% =^^y—/]^-Ol}l^:^Vt:.^. 2 m[(DTBmW^(lO mM Tris«HCl, 1 mM EDTA, 
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pH 8.0) izmmvx. m^i^DNAmmti^fco 

^m^i^mmm) mm^(^(Dn mi±mim ux#btifccrti-Fo:/7^-^- (s ' -tty 

GAY GCI GGI CGI ACI GT -3' ) , crtI-Re7°7^-^— (5'-CCI GGR TGI GTI CGI 

{*La-Taq (TaKaRa)SrfflV^, ge'CTS^^^fSft^'tt^. 98'C-e20#. 58"C-C30#. 72 

^il]-e?gMmx 1.1 kh(D-§:^(DDNA^T:ffn—;^^'/V7b^hm^iiiU *t®i(Qiagene 
Gel Extraction kit. QIAGENE. t>b<{*Gene Clean II Kit. BIOlOl) ^trofCo *SM$ 
tltzDNAmmt. pGEM-T Easy{Ciii^b. :kmM (DH5 a ) €:?l^Kife^UfCo ^<D:f 
7:^$KST)CRTI-SD212t^-:5{t. Ti^l:fiyyi^;Sr^;tjnL^2 inlt^LB?^flci#:Nfi-e37'C 
, —mmm^. T^^J^^KSrttmUfCo ttttJ^tbfc^'^^^F}* Big Dye Terminator 
Cycle Sequencing Ready Reaction Kit ver.2 (Perldn-Elmer)tmodel 3700 DNA 
sequencer (Peridn-E]mer)^m^^HM(DZfxih=i—/HZ^'oXMMSE.Jfi (M^MJii) 
(D^^^notCo ^^$tl':/tDNAgE^'J(IB^J#-^l) f^Blast (Altschul and Lipman, 
1990)^ffl V >*^o>?— :^|^^ttV ^:7^'hali/■5^i^^rL9— (phytoene desaturase) 

m^^(s^t^-'etii^-^^-DDNAm}^xh^:it^mmvfco pcr^, mm 

Altschul, S. F. and Lipman, D. J., Protein database search for multiple alignments. 
Proc. Natl. Acad. Sci. USA 87, 5509-5513, 1990. 

y\y^<>v^^^i-::^mSD-212W(D^^i^DNA(DmMW^^h^r~-i^n^^n^t 
:i^*-CO||®^;^fef^Stratagene%fc(7)SuperCos 1 Cosmid Vector KUcD^WlM^MM 
(CtteoTfTofCo ■t-?fetJ*>:/l/^^^7^w'^-^;:^aSD-212^d^e>#e>tufc^fe^*:DNA 

^Sall3AI■ef|S^^^i>^b^^TV^3;^$K^J5^^?— osaaHi§p<ft(cjgi^L. lambda inn 
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(Nippon Gene)^m\'^X:7T—i>n^i^^^^y^—i^>^\^-fi^ ^LX. i^BMi 
Escherichia coU)XLl-Blue MRt*. RXf. y^9;=^5:KpACCAR25 A crtX^^^ -ifT^ 

- ©3;;^5K^^i?— SuperCos 1 (Stratagene) ti7.9 kb<^-<:J'^— -^30— 45 kb<D 
DNAj^>t-^f*A-t-Svii:^5-e#s„ *fc. cosffii^;6S-ofe§(0-e. /^5/>^— 

^ife^5-Cf^$!{U3t7°9:^5:KpACCAR25 AcrtXSr^^ -^T^1^:^f^:/%f^5:*ci^ 

if jt^T- (crtD <Dg|55)-8(f Jt^:7"c2-^ ^;LT. xN^^y^J^^-^-v-ai^ (colony 

hybridization) fe^tTV\ crtlSt'S^^-^tf^P— ^^(D;^^y— :::^^^»fi^ofe. *-f ^ 

48313^^— f o1t^#ftfCo — Bfe^H^. li:=S82 mm(^)Hybond-N+p«:/yw:^( 
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Amersham Pharmacia) Sr:?'l^—htC^-Br. aittf-C S PPSfOtt^ ;»«>':/^>'tr^**S 
b> ll#:;iS#^U/cffi^Ji};:(p]{t^ 10% SDS^?S^^-^A/fc3 inm^JK (Whattman) "CS 
h^. $b{C^tt^?^(1.5 M NaCl. 0.5 M NaOH)^#Ayfc3 mm^ 
*K-e5^F^-rv=¥^^— h$rtfV\ ^(Dmyi>'y'U>'^^^m{1.5 M NaCl, 0.5M Tris 

•HCl){C5:9-^o}tfc(2|ll)„ $b{C2xssc-C2lHl«fc#UfCo mm<D^}i%: 

^Ar7xf y^±-e305^^®|£#> 80'C-C2I^F^^—^>'^ (baking) ;HtV\ p*:/ 
:?'^:/tCDNA^@5^L:feo T'a— :/DNAr4^ Alliphos Direct Labeling and Detection 
System (Amersham Pharmacia)^>fflV\ ^H(D-^vih=i^MZ.^oXi^MV^ =txi:=.— 

7— ^it^^^ (£dJ) <^§l5^eilf>H-^:/n— :/DNAi:brffiv^fcrIDc:^"^^-l':/y^?'^-e' 
^E-t"S7'7^^KS:^ pCos5-K pCos5-2. pCos7-l> pCos8-U pCos9-K pCoslO-li 

^iS^yT-e^^^tvyt. ^^(oa^^J^^^-f^xi^i^^^ ap^i^*pu^2 m\(o\sm.W^ 

flfi-C37'C. — life^#Ufc#. ^9;^5FDNA<SrttWbfCo ttm^co:/9;^$KDNA{4, 

/ki^LT. -<i>'^— (DSuperCos 1, >^V/^>-r^^'^-^^JlSD-212cD^fe^DNA^ 
Mupid (3;^^^<>r:r) ^^V n%T;«f ;^<5r'/vSrffl V ^r50 V-C*?J704>m^^lb^fT 

^o:/^x/i^:/(Hybond N+) {ch^^;=^:7T— Lfc„ ^ftOiS^, ^v:f^vtr80'C-e2^ 

•<—=Sr^i:^ (baking) ^fTV\ ^^/:/V^{CDNA^@^UfCo Alkphos 
Direct Labeling and Detection System (Amersham Pharmacia)^fflV">^ ^#(0:7^0 h=3 
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:^i:^^Zf^vi—ly<D^typCos5-2^ pCos7-l, pCos9-l<753o<D^n— V-fJljSV^T. 12 
:X$Ki:SuperCos U ::/W-'^>'7*^^':^:^JSSD-212*5feCC)|fe€L#:DNA^BMnHIt>U<f4 

BsmHl-EcoRi-e?^>fb;U lHl^<^lli^SrfTo^(|2|4)o Je:<^J^mBasiHl(c<J;5?^>fliSrtT 

ofch(D'Ci-i. 9 kb(73DNAf^>tl^55Ki^'X^':/V:^^-:^/'V/!lS^*btb. BamHI-EcoRHCJ: 

IIJfe^j8-ell^$jLfc3o0^i4^a— XpCos5-2. pCos7-K pCos9-l)05t> 
pCos5-21SrffiV^, 12 kb<Dlf AKrJtSrEcQRI-e^OtilL. y7;^$K^i5'i5'— pBluescript 
II KS-<D£e2Rlg|5fe(^igi^L. ^J^^(E. £2li)DH5a;^^?I^TO^Lfc„ ^.(DZfJ-^ 
$Ktrp5Bre2-15i:iS':5{tfCo ic^^'^J^^i^:. Ap^5r^;!jPUfc2 ml<DLB?gfrj^Jife-^37t: 
, — S^6it#^. :/9^5:K^tttlibfCo ^4m$tlfc:/9^^K{*Big Dye Terminator 
Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)i:model 3700 DNA 
sequencer (Perkin-Elmer)SrffiV ^¥iWk<^r/xiY^^;VK^-:>XM^W3\(r>^'^^^^ 
ito ^5£$tb^DNABa?'J(ffi^J#-^2)fiGeneMark.hmm(Lukashin A. and 
BorodovskyM.)fflV^ia^^=I— KM*i6^li^b. SD«liS?!J<?3#^'5^if Srm \ 12 
kb6D»f>i'4'till2ffl(DORF(open reading frame) ^^Bblfe (05)0 Blast ^ffiV^, # 
ORFCDT5:y^iB^Jv^yv-r'CDJj^^t3e^— ;l^^^ffV^, 12fflcD5'^7f®{i. fE^<7);(; 
P7"y^K>^.-^5fej»fe^^ (crtW . crtY . crtl. crtB . crtE . crtZ . i^t^m^^^i-^t 

^@l^^4{^^^/iV >7|5^jt^^-efco/Co :/W<?^-7^^^^>^JgSD-212t^*5l5<^|!E 
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. i!iL^<^ * jfeCO+i m mmt(D m—i^ (identity ; 1^— OT^y ^iB^JcDit^) (D^mH 
, jE?g^^-rfcJ?)(ceiTOj;9{-LTtfofCo i-^^t?*>> Blast^Di^^ACver. 2) ( 
Altschul, S. F., Madden, T. L., Schaffer, A. A., Zhang, J., Zhang, Z., Miller, W., 
and Lipmann, D. J., Nucleic Acids Res . 25, 3389-3402, 1997)^ffiV\ 
GenBank/DDBJcC)7*— >5''<--;^d^^*^ni:;*— ^|^(tBlastn)*fTo:feio fcyh 
bfcT5/^BB?lJ^fflV^, #Crti?>^^^^S{CoV^T. Clustal W7°n^7-fc. (ver. 1.8) ( 
Higgins, D. G., Thompson, J. D., and Gibson, T. J., Methods Enzvmol. 266, 
383-402. 1996), RXJ^^ GeneDocT'ct^J''^ A (Nicholas, K. B., Nicholas H. B. Jr., and 
Deerfield, D. W. II.. Embnew. News 4. 14. 1997) {Cj;^^^lftrfirV\ ^^l^^^^Mi^ 

1^— t^-C^ofCo $^{CJi<-<t^i{C{^, SD-212m^^(DCrtZtCrtE<Dm^i-i. 50 

ift)V^t>(0-Ct. ^MtL. 46%S.t>^39%<7)|^-"l4-efeofCo SD-212M(DcrtZi»fe^ 
{i. iE^J#-§-2lC^$tLfc:12 kb (11,991 kb)<Z)EcoRIf^K-0+gMi^{i::*3tt-5*lLS# 
■^l,319;Jl»bl,804fc=i-K$ti55ie^-e, ^0:^Sgajrj{iiB^J#-^29fc. 3-K$ 
tl^T^ymMn (CrtZ) f*iB^J#-^30(C^$tb-CV>So SD-212t5feOcrtEi»fe^ti:. 

is^J#-^2fj:^§tT/fci2 kb(ii,99i kb) (DEcomm>^(Diesmmi::isn^mmm-^ 
2,963;6^^,3.859(r=i-K$ti^ite^^-c, ^<Dmmmmmmm^3u^. ^^—h'^ti 

^r^ymmm (cue) i'i.mmm-^32Km^tix\ 

*fc. ^crtjt^^^(DiB®^|^-<-C^5<b. crtW. £iiZjte^<^M^^omOjie 
^=■(7) ^^-^xm^^tlfz:^mM^ /3 — T;^/^ ( /3 -ionone) S{C*i-§;{7n7^ 

Mh^m^±M'r^mM(D:fjviy'Mh^±^^M^^m(Misawa et al., 1990 &1995; 



wo 2005/049643 



32 



PCT/JP2004/016297 



Hannibal et al., 2000) i:;k:#<S'5:5«it^^-rS;ifc/65fc>>6^ofc(|g5)„ 
-■^MB^ (idi) :^T^y'Mh^±^^m^^mm^^^-r^t\^^^<Dh^)i>XX*h 

y<:^'f^^-i-:^m (Brevundimonas sp.)SD-212 tSfeOj^/ctT^/^K^-a-fifeite^l^f*. 
[0080] [^2] 



ORFl 


69.7 


140 










aiW 


69.6 


244 


B <arotene C4-oxygena$e 


OlW: Brevundimonas aurtmtiaca 


(96%) 


AAN86O30 


cnY 


70.2 


392 


lycopene cyclase 


CrtY: Xaruhobacier autotrophicus Py2 


(52%) 


AF408848 


crtl 


67.3 


493 


jAytoene desaturase 


Crt I: Xantkobacter autotrophicus Py2 


(72%) 


AF408848 


crtB 


72 


310 


phytoene sytthase 


CrtB: Xamfu^Micter autotrophicus Py2 


(53%) 


AF408848 


0RF6 


75.8 


354 










ORF7 


74.6 


315 










crtE 


71 


298 


GGPP synthase 


CnE: Xanthobacter autotrophicus Py2 


(39%) 


AF408847 


idi 


74.9 


350 


IPP isoroerasc (Type 2) 


IPP isomerase: Fantoea agglomerans 


(53%) 


M87280 


cnZ 


66.9 


161 


B -cvotene C3-hydrDxy1a5e 


CrtZ: Pantoea aggiomerans 


(46%) 


M87280 


ORFll 


70.7 


257 










ORFl 2 


66.7 


122 











CrtW, Rwundinwnaa auraii£tao (GenBank number AAN86030 ): (MY. CrtL CrtB. CrtE. Xantholfai^rs». Py2 (GenBank no. AF40B84S, 
AF40B847): IPP isomerase (Idi), CrtZ, Austemi s^hmteraiis iErwiiua hertncala EholO) (GenBank no. M872a0}. 



Lukashin A. and Borodovsky M., 1998, GeneMark.hmm: new solutions for gene 
finding, NAR, Vol. 26, No. 4, pp. 1107-1115. 

Misawa,N., Nakagawa,M., Kobayashi,K., Yamano,S., Izawa,Y.,Nakamura,K. and 
Harashima.K., Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway 
by functional analysis of gene products expressed in Escherichia coli. J. Bacteriol. 
172, 6704-6712, 1990 

Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 
T., and Miki, W., Structure and functional analysis of a marine bacterid ceu-otenoid 
biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at the 
gene level. J. Bacteriol. 177, 6575-6585, 1995 (^^^fFlSCifcl) 
Hannibal, L., Lorquin, J., D'Ortoli, N.A., Garcia, N., Chaintreuil, C, 
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Masson-Boivin, C, Dreyfus, B. and Giraud, E., Isolation and characterization of 
canthaxEinthin biosynthesis genes from the photosynthetic bacterium 
Bradvrhizobium sp. strain ORS278. J. Bacteriol. 182, 3850-3853, 2000 
Larsen, R.A., Wilson, M.M., Guss, A.M. and Metcalf, W.W., Genetic analysis of 
pigment biosynthesis in Xanthobacter autotroohicus Py2 using a new, highly eflScient 

transposon mutagenesis system that is ftinctional in a wide variety of bacteria Arch. 

Microbiol. 178, 193-201, 2002 

^mORF<DWm%:mh1>^Z.-t^ftlb. ^J»«^^^— pUClS (TOYOBO) 0=1— K 

-r^ ^ -•^y^vi^y—^m.B.^ (lasz) (Dv~'Vmnt(Dm^^^^^<-^'M.tfi^x'? 

ORF^, :/7X$Kp5Bre2-15(DDNA^^^i:L-CPCR-eiii|iSU. /3 -;^f9i^hi>'^— ^ 

gE^j#-^ (5—28) (Dz^y^-^—^m^^^xpcmzxmmvtco mmm>NAniv^9—'^ 

}*La-Taq (TaKaRa)^fflV^, '^^9&CX5'^mi^^^^. 98'C-C20#, Se'C'CSO^ 

S &)(DM^(DDNAtT:ffti—::^^/Ui)^ioWOm\^. 3^^(Qiagene Gel Extraction kit. 
QIAGENE. tjb<(1:Gene Clean II Kit. BIOlOD^frofCo ^*)tii^tltcDNAlt 
pUClSOEcoRIi:. BamHIt>b<f*2«bal|f|S<a:{C)gi^b. :*:J^||DH5 a \ZLmM^i^\^fz 

^jMetThrMetIleThrAsnSer;dSfTj-;fjp$;}X§ {i9='if >-$tl/'CV 
MmMlOX^\.1tZ/'y::^^¥(D^h. salE. crtB. crtl. crtY . crtZ . crtWi ft^H^^rp 
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7°9>^5^K^ttttlUfCo ttttl$tbfc>^9>^5K{*Big Dye Terminator Cycle Sequencing 
Ready Reaction Kit ver.2 (Perkin-Ebner)tmodel 3700 DNA sequencer 
(Perkin-Elmer)^ffl V Mxl-^OT'nhri— /ktCti^->-C:^^iE^J(D?fftM'^tT-:>fc« ^7^7 
:^5K<©i&fift^-?rtt^iXpUCBre-E (lacZ :: crtE) . pUCBre-B (lacZ :: crtB) > pUCBre-I 
aacZ ::crtI). pUCBre-Y (lacZ :: crtY) > pUCBre-Z (lacZi i crtZ) , pUCBre-W (lacZ :: 
crtW) j;^<5t-tjh^ 

^mm>^T±y^^^i.fco ^<Dn. M'ij'^m^\'\ ±m^^mu hplc-pda 

A (Waters AlUance 2695idXXJ^2996:7±h^^:t—}rru^itktii^)'^'&0(D^ 
^^n^fto ;{7^A{C(iTSK gel ODS-80TS (TOSOH)S^ffiV^, A?R(95% 
?^^/—/».^Wy—/>:v'h'9\^Vn'79> (tetrahydrofiiran; THF), 7 : SDtfS^ 
^AlRl00%^l:i§?Kb> 5^35>bl05)-ora-eA?^ 100 %*^b%B^S 100 % \zW.B^yi^=^ 

-efTV\ #Jg(;DEmpowery:7l..>aiT-Cfl?W^^TofCo #^^li^bT^i. ^ffi;^n7^/-rK 

470nm-e(D<!iM^^^t@ilDl^S?^<Dittfet-ct9^Sai9<^#«;5^D7^y^K;5S^M$tL 

S:ii:Sr?fei&Ufc(^3;&)o c*i.^<^JigmJ:*?^ >^w^:x■r^^^:^^MSD-2l2^o^5@ 

Wi^^lAU^i>^±mMf*^-Vm^V. |!E#Ocrtite^^(ci±E, cjtB. crtl, crtY, crtZ. 



sm)tmm<Dmm%:m'r^:ittm^i)^tti:^-fto ^^b.pUCBre-I aacZ::crtI)^ 
pUCBre-Y QacZ ::cr^<DmUti. ±mM'Cm^f£V)^i§i)>^tZo ^^(D^^m^M 
(DCrt^>y<^Mt50%SXT(Dm~i^'L^^^^^^^. SD-212;^i^(^CrtEtCrtZ{C 

ov^-c^^. :^mmi^^'o. ±mmfH-cm^mm^m^h^^timm^Htco crtE<D 

Ji/V'^^:::^T''>l^K^'v (Erwinia uredovora : Pantoea ananatis) SlSCOCrtE 
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y7=/Vfc:°ny:/^(GGPP) ^f^^GGPPiy:^^—^'(?h^Ztiim^*^tti:oito CrtZ 

jS -r;*-y ^ii-3-t:KDdev/^— if ( i5 -C3-hydroxylase ; 3.3 ' - /3 
-hydroxylase) -CfcSii:;5S|gb;5^i:J'^o/Co J^^^Sx m2\t.-^U^<>'y'^'ei-P.mSD-212 

[0081] [^3] 

Brevundimonas m SD-212W<D^McrMBT(D'S^M(D^M 



(/acZ:!»Mcrt) 



pACC AR25 A crtE{crtBJ, Y,Z,X) 


FPP 


pUCBre-E {lacZ.icrtE) 




PACCAR25 A citB(crf£,/, Y,Z,X} 


GGPP 


pUCBre-B (/aeZ v.ertB) 




pACCRT-EB (crtE^S) 




pUCBre-l (/8cZ::crtO 




pACCRT-EIB(cffE,^0 




pUCBre-Y(/8cZ::cffV) 




pACCAR16AcrtX(crfE;0,l,V) 




pUCBre-Z (lacZ:: cifZ) 




pAC-Cantha<erl^fi;/,y; W) 




pUCBre-Z (/ffcZ ::ertZ) 




pACCAR16AcrtX<crlE,8,f,V} 




pUCBre-W (tecZ ::c/tMO 


i »*»>f > (90%), zi^v>^) 



IIJfe^Jl0-C^Ufc7'9;^5KO5*j.«ltBO«l5£/55T'#JfeV>0RFl, ORF6, 0RF7. 
ORFll, ORF12<Sr^tf >^7;7^5KSr*i-5:^JI^IIS:. ApiSr^^PL^ Ta[<o\JBm.W-1^ 
Sfe-eST'C. 7°9:^$KSrl*mUfCo i*ttJ$ixfc>^^;^^Kf*Big Dye 

Terminator Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)i:model 3700 
DNA sequencer (Perkin-Elmer)^ffiVM\|-MO:/Dh=i— yVteitito-CMSia^lJCOII^ 
trfrofCo #>^9;^5:KOiSM^^tl.WpUCBre-01 (la£Z::SD212-ORFl) . 
pUCBre-06 (lacZ::SD212-ORF6) , pUCBre-07 (lacZ::SD212-ORF7) , 
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pUCBre-Ol 1 aacZ ::SD212-ORFll) , pUCBre-012 (lac2::SD212-ORF12) ^if 
pUCBre-Oll aacZ::SD212-ORFll)», pACCAR16 AcrtX^^-f-^ j3 -;i&a-7^>-^^ 

±mm (DH5 a ) \z:mAi.tiW(D^mi^mmxit. ^i^mmie^(^t^^i:i $ -:^n 

Tl^iAbl nra. 478 nm)0#^idS|g.fce)tt. Mm&m<Dl\^<Dt:L^\Z.^5l.O nm, 
478.8 Taa<om.WmX^n^mm.tm^hfl. 13'^(Dt:z^\Z.A52.2 nm. 

477.6 miKDm'^m^^^^^mmibhtirtime. ^Rjw^ttxv^s). fcfcu. 

PACCRT25 A crtxmM<D-^T^'^:y^:^^±^^fr?>Tthl^miii!^tm^U 
co-HPLC^fTofCo ^(D^^. rtl.b20(Dt°— i^{*-^'T=ari^>-5^^(i¥:j^^Pfl:10.6 

P , jS -:tinT>-2,2'-i^yir—/^^(^ , 0 -carotene-2,2'-dioU2.2'-i;'fcKnd^^/- 
/3 -ijn'r>') > 13 , 3 -;!{/i37^i^-2-;i— /K /3 . i3 -caroten-2-ol;2-tKodr->'- 

ORFll(DS!l'^^^ffi::^7:5^5KpUCBre-011 aacZ::SD212-ORFll) pACCAR25 
A c^tX%*-r5-^T=¥i^:/^>'^^i:*cM« (DH5 a ) (C^ALfct5fe(D■fe|g^*m^^T♦ 
10.6-^(Di^mi^mi::-^T^-^ly^> (451 nm. 480 nm)C0#?£;5S^>?)bn> ^tl 
iJA^tCfffc^^t°— ^<bbT. 9.1^<7)tr^tC451.0 nm. 478.8 nm(D®l|X^§|±^i^o 
«^Kl-6S^fee>tb, 9.9:9't-452.2 nm, 477.6 nm<^®il|K^i^o#jK2<Ofc°— 
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V^:/(2,2'-v?t:Kodr^/■^Td^1^:/^^^) . RX^^ ;^7adr1^>'^:/(2-fcKDdrv^■^T^ 
1^^f=->')T'fcS^;I^^$^^fc(Ig|lO. mMMl30m)o SX±(Df^^it. ORFll;i53^ 
h^-f-^llk^^mm-i iS — r;<}-y>'^-2-tKP=¥>^7— if ( -C2-hydroxylase:2.2'- iS 
- hydroxylase) /3 -;^7^7":/-^-^T^i^^^f^:/t^:*5^t5 i3 -^;^-y:/S±(D2^ 

pAC-Cantha Sr*•#-5;*>^5':¥i^:/^^^M^:k:J^|| (DH5 a ) {C7'7;5^$K 
pUCBre-Oll (lacZ::SD212-ORFll)Sr2»AU MMmn-C^Vfc:^^^'^^'^^^ 

HIS. :^Sl-e*$^^TV^-5)„ ^tl^tL(Dlg:K:@^I|K5gtgf4^tb^*tV^ 478 nm. 474 nm 

V^C^:;iS^!i^$4^fe (I^Bc). ;<;n7^/-rK3^m}i^tt^ti. 2.2'-i^tKn^i/- /3 , jS 
-;&D-7^:/-4,4'-e^ja->(2,2'-v?tKD=¥^/;!&>-i5^^i^:/f^V). ^U?. 2-\iV^^->-&. 

M(DH5 a ) fC:/7;^5FpUCBre-011 (la2Z::SD212-ORFll)Sr*Ab. ^Ife^Jll 
-C^b;fc;^jfeT'^Pg^*f*=fTofc(ia9)o i!^1^^^6.4-6.7^9'{CT;^i?dr 

IS^^tufCo *:^c, {!S^NFra5.1-5.2:9-<^T;:^i5'=^i^V^:/J;9^^gtt{fl!j(3475 ma(D 

nTMh's^-x. 2-tKD^v^T;^i?def-^^^^-cfc§ii^^$tLfc(i2i2. mmmi30m 
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mmm\2,-] orfi i \z.x.^u^^ixfc'^m<Dmmwi^^m 

pUCBre-011^T^pACCAR25 AcrtX^#Abfc;k:M®Sr2 L(ys'h/V)C02xYTi^ite 

-C'j^nu 8.000 rpm-cio^F^i^*L--r§r^{cj:«3. Mw-^^f^ MW-^sTEmmm 
mmmzmmx-mmu s.ooo rpm-eio^rait^L^-t-s^tt^j:?). s*. mm:^^ 

^m&mmu 26? mg<Dmmm^mto ;iixS:v'y;5;^/i-60(15 e):^9J>.^n-^h^ 
yy^-X^mt-fto mmi-i^^-^l^-mnk^'^/^iS:2) (7:3) (6:4)*5J:tJ?(l:l)# 
100 mlTilg?fe^mb. *^Ufc3:79i5^':y3>';^#fCo lof4-lfTdr1>-^^:/T-feo^c 
(D-C\ ^«9(^2^7i^^>'3>-0|^^%fTofCo l^^{4HPLC-PDA-MS5>=W', 'h-NMR5> 
^i^XKinotCo HPLC-PDA-MS:9-W{*. PDA(:7;i-hy^;t-— KTW)^tii^#t-fe 
55:J'T3HPLCi/;5^7"^tUT^^^Nano Space SI-2?Sr>^V\ r^XlCi^— ( 
ThermoQuest) tfcaSH'^^^h^yT'MK*:^'*? ^«LCQ advantage->':^7^ A^gr^j^U 
fc«S^^ffiV^TfTofCo ;&7A{*C30 ;<77-^-Cfc51fWI:;^±5aDeverosU 
C30-UG-3(1.0niini.d. X 150 inm)S:fflV\ :/l/;!{;7i»i:b-CDeverosU C30-UG-S^ 
ffiV>fCo ^m^#i:b-C, 0.1 ml/min (DmMX. gsro^iS'y — /KA) -^12^. Ad^fe 
teEt-p<'f-/V:/^/V3i— ^/V(TMBE) (B) ^C0i/9i;^:x:xh (B: 0-60%. 12— 725^) , 
<^**O^^T'72-825>^ttlbfCo MS{4;>C^ffi^t:^>a-:/>ft:fe(APCI) {Cj;f9^tB 
LfCo 'H-NMR{*/^!;r>'thMlNOVA750v';5^7^ASrfflV ^Tfi:^^^^JJ^/^i^ctJ-^^^L. 

HPLC-PDA-MS5>^(»i^^F^ (RT) 13.48:9-, I max 449, 475 nm. m/z 601 
[M+H]\ 583CM+H-H Oi]\ 565[M+H-2H 0]\ &T^, RT 17.75^>. A. max 450. 476 

2 2 

nm. m/z 585[M+H]\ 567[M+H-H 0]*)> ^H-NMR^^(DWM> ±IE0 20079^5^ 

2 

iy3>-lC#^Si-§;^n^y>fK}i-?:tb'€'tl.. y;^h=3{^i^>'^>'(nostoxanthin;2,2'-i:/t:K 

5^>^)'t?fc'Si:I^^$tl':fc;(Buchecker, R., Liaaen-Jensen, S., Borch, G., Siegelman, 
H. W., Carotenoids of blue-green algae. Part 9. Carotenoids of Anacvstis nidulans . 
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structures of caloxanthin and nostoxanthin. Phytochemistry 15, 1015-1018, 1976) ( 

y:^hdf-f->-^>': 1.01(6H, s), 1.14(6H, s), 1.72(6H. s), 1.98-1.99(12H, s), 2.15(2H, 
dd, J=17.4, lO.OHz), 2.49(2H, dd, J=17.4, 6.7Hz), 3.33(2H, d, J^lO.OHz), 3.84(2H, 
dt, J=6.7, lO.OHz,), 6.0-6.7(14H, m). 1.01(3H, s), 1.08(6H, s), 

1.14(3H, s), 1.49(1H, t, J=12.0Hz), 1.72(3H, s), 1.75(3H, s), 1.80(1H, m), 
1.98-1.99(12H, s), 2.05(1H, dd, J=17.4, 10.5Hz), 2.15(1H. dd, J=17.4, lO.OHz), 
2.40(1H, dd, J=17.4, 6.3 Hz), 2.49(1H, dd, J=17.4, 6.7Hz), 3.33(1H. d, J=10.0 Hz), 
3.84(1H, dt, J=6.7, 10.0 Hz), 4.01(1H, m), 6.0-6.7(14H, m)o 
pUCBre-OllJtt^pAC-Asta**ALfc;^lli0^2 L(^2xYTi^ifer-J#^L. 8,000 

-cmmu 8,000 rpm-x^io^mm^L^-r^^tKx*). nm. mi^^mii>tio mm^T± 
h>^-^i?y-/^(i : 1)400 ini^mx.xmmmwvtio mm^. mm^m^mmu 

27 mg(Dmmm^m:io rttt:->y;<7y/V-60(15 e):b^J>.i!rn-Thy7^^-X-^mo 

^mti^^-^^-m^^^/i^ (7 : 3) (6 : 4) ioxxfn : 1) #100 ndxm^mmu 

. ^^l:7y^iy3>'(Dm^^^^tCo HPLC-PDA-MS5^^(RT 11.98 Xmax 473 
nm, m/z 613 [M+hD ^ 'H-NMR^^^If {wi?), :ztHt, 2-tK^^i>'TXi5'^i^V^>-( 
2-hydroxyastax!mthm)Xh^tmm^n'fc{4^Wn:SCm) (ia2#fig)o ^JiTtC^H-N 
MR^^-^^^-to 1.22(3H, s), 1.27(3H, s). 1.30(3H, s), 1.33(3H, s), 1.82(1H, m), 
1.96(6H, s), 1.98-2.01(12H, s), 2.17(1H, bm), 3.53(1H, m), 4.19(1H, m), 4.33(1H, 
m), 6.2-6.7(14H, nOo ^lHFfi2,3,2' ,3'-7'h7fcKndpi/- j3 , /3 -:iJnTl^-4,4' -i^:^ 
(2,3,2' ,3'-tetrahydrox5^ /3 , /3 -carotene-4,4'-dione; 2,2'-v*tKo^>>T;5^^^1?- 

pUCBre-01lS.tJ^pAC-CanthaSr^AL:rc::K:mmtr21Jyh>'K?D2xYT^fl&r*i##|L. 
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8.000 rpmX'io^mm'b'ir^^t\^x\). Mi^^^ibtzo MP^^sTEmmmmMm^ 
icT-feh>'-7«^y—/Ki: 1)400 mi^MK.xmmmw\^tco mm^. mm^mj^m 
6^mvtco mmit-^^-^'^-mm^^/i' (s : 2) (? : 3) isxxfa d #100 mi-cj^i^^ 

7i5'->3>'<??lRl^^SrfTofCo HPLC-PDA-MS:^-*^ (RT 9.30^. Xmsx. 472 nm. m/z 
597.2 [M+H]*. l^Xf'^ RT 17.62 A, max 474 nm, m/z 581.2 [M+H]*) . ]*5>^(HR 
)FABMS5)-*fx 'H/<c^t;?fci#S-^7cNMR5)'^(::<t«9. 2,2' -z^^iY^^^y- 

P , 3 -;^7Civ^>^-4,4'-i^;^-:/(2,2'-dihy(iroxy- j3 , i3 -carotene-4,4'-dione;2,2'-i;'t 
K^df^V;^;>'^5'^i^>^^^/, ^Mit^^ (I)) , JtU^. 2-tKD:35.^>- 3 , ^ 07^:^-4,4 
' -v':^^^ (2-hydroxy- 3 , /3 -carotene-4,4' -dione ; 2-\:.}^ti^i^:^l^^'^-^>-^» X 

[0082] [>fb2] 




(I) 

D7'>^-4,4'-v?:^>': HRFABMS (m/z, [Mr), th^'fil 596.3866(C H O ). gljIiKii 

40 32 4 

596.3863^ 'H NMR(750MHzx 6 ppm)^ 1.22(6H, s), 1.26(6H. s), 

1.89(6H. s). 2.00-2.02(12H, s). 2.62(2H, dd, J=17.4, 9.0Hz), 2.80(2H. dd, J=17.4. 
4.5Hz), 3.90(2H, dd, J=9.0, 4.5Hz), 6.2-6.7(14H, m)„ 2-tKcidE^->- /3 , jS -:*l3-r 
-4,4'-v';!t-:^: HRFABMS(m/z. [M]*), ti-^'(it580.3916(C H OXMMUM. 

40 32 3 

580.3900. 'h NMR. 1.21(6H, s), 1.22(3H, s), 1.26(3H, s), 1.85(2H, t, J=7.0Hz), 
1.89(3H, s). 1.90(3H. s), 2.00-2.02(12H, s), 2.51(2H, t), 2.62(1H, dd, J=17.4, 
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9.0Hz). 2.8(1H, dd, J=17.4, 4.5Hz), 3.90(1H, dd, J=9.0, 4.5Hz). 6.2-6.7(14H, m)o 

-^i^-efc^ds. >i-;^{C(D;z^7k^S;55^A$ttfc2-tKDdrv'- j3 , i3 -;&n7^>'-4,4'- 

^ <Si[^i|^Jc:J;«9^0$tLfe%<Df*rixdSl5!Ji?>TT-feS(PartaU. V.. Olsen, Y.. Foss, 
P., Liaaen-Jensen, L., Carotenoids in food chain studies-I. Zooplankton (Daohnia 
magna) response to a unieilgal (Scenedesmus acutus) carotenoid diet, to spinach, and 
to yeast diets supplemented with individual carotenoids. Comp. Biochem. Physiol., 

82B(4), 767-772, 1985; Foss, P., Partali, V., Olsen, Y., Borch, G., Liaaen-Jensen, 
S., Animd carotnoids 29. New (2E)~2-hydroxy-4-keto- j3 -type carotenoids from 
Daohnia magna (Crustaceae). Acta Chemica Scandinavica 640,157-162, 1986) o 

^m^^y'Mhic^sn^m^ <D^m^i^fpm «#^-efc5;55. mismmic^^± 

S;*i:6^tCKubofe)CO:^&(o:2pft!LLXtTo7t (Kubo, K., Yoshitake, Y., Kumada, 
K., Shuto K., Nakamizo, N. Radical scavenging action of flunarizine in rat brain in 
vitro. Arch. Int. Phannacodyn. Ther. 272, 283-295, 1984)o 100 rcM^y^WWiWtk^ 
pH7.4)0.6 nA^\C. WkW^<^:^9 J—f^Wlk^Si^ ml. 1 mMT;^=i/Hf:/^0.1 ml( 
^1^*1*100 n M). XtJ^H O 0.05 ml^^;(lPb. 37"C"t?5^^<7)^Wi^^3^^— 

2 

ai^Sr^Tofc^. 2.5%(w/v)95'hJil*:^i^^-hSr0.2 ismim'^^}iXm^<^Wfl^ 
37'C-ei^ra. ^Mb/i;5Sb-r^^=3r^-<-h^Srtfoyt„ 20%(w/v)byi5'cn3g^^, 
0.5%(w/v)2-^;r^Wf^;^-/V^, N:^®!^-^tf^-^?^l ml^lr±iBSf£;?^ 

\z.mtViir^-z.h.xm^^^w^\jk^ ^n-^ioot:-e305>Ffl#*^auri§fe$-*. ?^ 

W^. 3000 rpm-e5^P^i^>il>5>^UfCo ^'iL^^il_h^0532 nrnX^OPi^^felT (A ) $r 

532 
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50 

mMmimmi¥mti.fco ^^mmi^^^mK^ir^ mA^^hmhij^^^j^x^K. 2-tK 

ndr-:y-j3 , /3-;<7n7^^^-4.4'-i^ja-V(2,2'-i^tKndri/;^7^/^=3r-9-^/^:/)(i, J3i®(D 

[0083] 



*n7=-y-f h* ICso (fiM) 

p-*P5=-> > 100 
*>:$'4^-y->^> 50 
2-b HD:^^->;*7>:^:^^-y->^> 8.1 
2, 2' ->7t HP^>';<J>^^-y->5^> 4.8 



TJ5#ffi2004-165919-^)O|gj^S|^l#*5a;U^/'*fc{*lllB^C|Sife$i^TV^'5l^^^'^-^ 
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[1] &.T(D{a). (b), (c).Xf4(d)tC^1--<>^^K: 

(b) mmm^4w.m.<DT?.ynmm\:im ^■rlt>b< \t.mmm<Drxymt)mM^ 

[2] &,-r(D (a) . (b) . (c) . X{* (d) (J:^i--<y^K«:=i-Ki-5jtte^^ : 

(c) ga^J#-^4tE^cDT5yM^iJi:50%i^>L±(D|^— ti^^-rST^y^gB^J;^^?,/^: 

(d) Ba^J#-^3lE4fecDli^BE^Jd^e>J^CSDNAX{*^-nt=flMe<)'^CDNAt^hy>'v'3i 
:^hj'jJ^#T't?^>-r::^yi5^-rXt-5DNA*5=i-K't-5«Bm*5l5<D^^^K-efcoT. 
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)V (2-tKD=3^e^- jS -;{;g-7":/) , /S , 3 -:!&ci7^>'-2,2 ' -i?;^— (2,2 ' -i^tKn^^i^- 
j3 -:^;n-7":/) , :*^^■^^:/^:/(2-tKl3^v'-^T^^^>'f">') , (2,2'- 

i>';«7>'^?^lJ->'5^:^) . 2,2'-^^fcKodf^/- )3 . i3 -;?;i37^>-4,4'-:^:*-:/(2.2'-i^tKti 

. i3 -;i7nv^^^-4.4 ' -v?;^>- (2,2 ' -v^tKo^ vr^i5'=3f-1^>-^^) -efe^^i^#mi:i- 

[9] TfB<D>f b#«jt^ (I) -t?^$ixS2,2 ' -^jMYxi^^y- jS . 3 -^xi'r^^-\,\' -^J'ifry ( 
2,2 ' -v?tKndp^>;^7>'^^«9->-^>') „ 




(I) 



[10] 2,2'-:;'tKn:3rv'- j3 , jS -;«7n7^V-4.4'-S?:^>'(2,2'->?fcKD:3piy;^7>^^d{^-9-V^:/ 
) X{±2-tKodrv'- i3 , 3 -;!{7nv":/-4,4' -v':?!-:/ (2-t:Ko:ari/;57:/i5'=¥f-:/5^^) ^Sr* 

[1 1] JJAT© (e) . (f) , Xfi (g) l^i^-r-sr/^^KSr^-K-rsite^^ : 

(f)gE^J#-^30|E«<DT$y^Ba^J^J:*5V^•rl^>L<{*«fc^®OT$y^J5SfJ-;bP.i5^ 
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£ATO (h) . (i) . yjt 0) l;^^-t-'<7'^K<Sr3-K-t-5ite^^ : 
:/h?5J^#T-t?^M':/yy>fX't-SDNA;65=3--Ki-;5iNamft^o-i>^5^K-Cfeo-c. 
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[mi] 



FPP 



^ CrtE 
IPP 



GGPP 

GGPP 
CrtB 




Ha 




OH 



HO, 



T >^ ^ ^1^- > 5^ >-pH3->? y ;U n >- H 
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[1112] 



FPP 

CrlE, CrtB, CrtI, CrtY 




2-t \^a^iyrx^^-^y^> 




2, 3. 2', 3'-^h5t FP:^->- 
|3, l3-tiny='>-4-:t> 



2. 3. 2' . 3' -5^ h ^ t H n ^ i8 , ^-iiWr >-4. A' -Ji!r> 
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[133] 

EcoRI 



M 5-1 5-2 7-1 8-1 9-1 10-1 SCS 



23. 1 kb^ 

9.4 kb ^ 
6.5 kb-^ 
4.3 kb-^ 
2.3 kb^ 
2.0 kb_^ 

1.3 kb ^ 
1.0 kb^ 




[134] 



BamH I BamH I EcoR I 



23. 1 kb-^ 

9.4 kb_> 

6.5 kb--^ 
4.3 kb-^ 
2.3 kb^ 
2.0 kb-^ 
1.3 kb-> 
1.0 kb-^ 




9kb 



8.2 kb 
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[|El5] 

I yli y in i I II , > ^ ^ ■ V K /^f^i ^^/^Tj 

I ^ i nni ^\ ' 1 /^x 4 i S;^ - -l^ i miM i Pt i ^ ,\|— n I i ^ ^^J" 

ORFl citW cTtY crti crtB ORF6 _ crtE idi crtZ ORFll 

ORF7 ORFll 

AgrobaCteHum auranttacum (Paracoccas sp. MBICOl 143 ) 
crtW^ cft^ CftV ^ crtI ^ c/t^ 

Erythrobacter longas Och 101 

W W 

Bradyrhizobium sp. ORS278 >^^-!J->^> ^^^xtfe^P 
crre c^y crt/ cffS crtW 
^4— ^ » ^ » 

Erwinla uredOVOra 20D3iPantoea ananatis ) 
crtE^ crtX^ crtY ^ crU ^ c^^^ 

Xanthobacter autotrophlcus Py2 

cffy^ crt/ ^ crt^ crt)^ 



5/9 
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[mio] 
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tcrtV 



FPP 

CrlE, CrtB, CrtI, CrtY\ 




CrtV 




2. 2'->?t HD^->-p. p- 



